Four sweetpotato (Ipomoea batatas (L.) Lam.) cultivars grown in Alexandria, Egypt, including Monofya 6, Monofya 66, Abeeis, and Beauregard were cooked using four different home-cooking methods (boiling, baking, microwaving, and deep-frying). The antioxidant contents (total phenolics by Folin-Denis, and individual phenolic acids by HPLC) as well as the antioxidant activity determined by reducing power (RP), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and 2,2'-azinobis(3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) were measured in this study. Results indicated that total phenolic contents of raw flesh tissue by Folin-Denis ranged from 0.53 to 0.87 mg chlorogenic acid equivalent (mg ChAE)/g dry weight basis (dw). The RP ranged between 0.1 and 0.25 mg ChAE/g dw, DPPH and ABTS radical scavenging activities varied from 1.10 to 1.72 and 0.85 to 1.51 μmol trolox equivalent (TE)/g dw, respectively. Thermal processing significantly (P ≤ 0.05) increased the total phenolic content, as well as individual phenolic acids and antioxidant capacity of all the cultivars under study. In this respect, deep-frying exhibited the highest increment among the four processing methods. The most abundant individual phenolic acids in processed flesh roots tissues were chlorogenic acid followed by 3,5-dicaffeoylquinic acid. Total phenolic contents were highly correlated with RP, DPPH, and ABTS, also the correlation between the DPPH and ABTS values were significantly high.
Introduction
Sweetpotato is increasingly recognized as a health food, due to several of its nutraceutical components, which include dietary fiber, vitamin C, polyphenols, and carotenoids. The roots are considered as a highly functional, low calorie food, with anti-diabetic effects [1] . Reports indicate that these phytochemicals, especially polyphenols, have high free-radical scavenging activity, which helps to reduce the risk of chronic diseases, such as cardiovascular disease, cancer and age-related degenerative diseases [2] [3] [4] [5] [6] .
In the middle of the last century, several attempts for the isolation and identification of phenolic compounds were performed, inspite of the limited techniques present at that time. As a matter of fact, reports on the presence of chlorogenic acid and other similar compounds in sweetpotato were found [7, 8] . Accordingly, Walter et al. [9] used the high performance liquid chromatography (HPLC) to identify and quantify the individual phenolic acids in different sweetpotato cultivars. Since that time, HPLC has been used most frequently for analysis of individual phenolic acids [10] [11] [12] [13] . Chlorogenic acid, caffeic acid, and isomers of dicaffeoylquinic acid (diCQA): 3,5-diCQA, 3,4-diCQA and 4,5-diCQA, were identified as the principal phenolic acids in sweetpotato root tissue [8, [14] [15] [16] . Chlorogenic acid and 3,5-diCQA were the predominant phenolic acids in sweetpotato root tissues [15, 17, 18] .
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) procedure has been used by several investigators to assay the antioxidant activity of sweetpotatoes [19] [20] [21] . There are several factors that may impact the antioxidant activity of foods; these include genetics, harvest season, geographic and environmental conditions [22] , and the effect of thermal processing [23] . Meanwhile, Furuta et al. [24] reported that the purple-fleshed sweetpotato cultivar have a higher antioxidant activity and phenols than those with white, yellow or orange flesh.
High positive correlation was traced between antioxi-dant activity assayed by DPPH and total phenolics of sweetpotato root tissue [17, 25, 26] . This indicated that, the phenolic compounds are responsible for the antioxidant activity in the sweetpotato hydrophilic extract; therefore, the total phenolic content can be used as a useful indicator for the antioxidant activities of sweetpotatoes. Many researchers have studied the effect of thermal processing on the content and activity of sweetpotato antioxidants. Padda and Picha [26] reported that thermal processing (Microwaving, Boiling and Baking) of the sweetpotato skin resulted in a significant loss of phenolics and antioxidant activity, but no significant loss was observed due to heat processing of cortex and pith tissue. Boiling the roots (cut into quarters) for 12 min increased the chlorogenic acid content and antioxidant capacity [23] . Six home-cooking techniques reduced phenolic content from 7% (baking) to ~40% (deep frying/boiling) [14] . Steam cooking resulted in statistically nonsignificant increases in the concentration of total phenolics and all the individual phenolic acids [17] .
The objectives of the present study were: 1) to determine the antioxidant content (total phenolics, individual phenolic acids) of some sweetpotato cultivars, which have been recently grown in Saba Basha station farm located near Abeeis, Alexandria, Egypt, namely: Monofya 6, Monofya 66, Abeeis and Beauregard, 2) to determine the antioxidant activity of the hydrophilic extract of sweetpotatoes using two of the commonly used procedures (DPPH and ABTS), 3) to determine the effect of four home-cooking methods on the sweetpotato phenolic content and 4) to assess the relationship between the antioxidant activities of the hydrophilic extracts with the concentrations of phenolic content.
Materials and Methods

Chemicals and Reagents
Folin-Denis reagent, sodium carbonate, and potassium peroxodisulfate, were purchased from Fluka analytical, Germany. Methanol, acetic acid, acetonitrile, 2-propanol, formic acid, Chlorogenic acid hemihydrate 98%, 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,2 Diphenyl-1-picrylhydrazyl (DPPH), and 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), from Sigma-Aldrich, Germany. Trichloroacetic acid, iron chloride, and potassium ferricyanide were purchased from BDH. Standards of chlorogenic acid, caffeic acid and three isomers (4,5-dicaffeoylquinic acid (diCQA), 3,5-diCQA, and 3,4-diCQA) of isochlorogenic acid (Purity > 98%) were purchased from Chengdu Biopurify Phytochemicals Ltd., Chengdu, Sichuan, China.
Storage of Samples
Four sweetpotato cultivars with varying flesh color (Monofya 6, Monofya 66, Abeeis, and Beauregard), were grown in Agricultural Experiment Station, Saba Basha, Alexandria University, Alexandria, Egypt in June 2010. The roots were harvested 5 months after planting. The harvested roots were cured and stored in Cardboard box in the dark at room temperature (16˚C -20˚C and RH 60% -65%) for 2 weeks, before samples were taken for analysis. The dry matter of the roots was measured within five days after harvest.
Preparation of Different Thermally Processed Sweetpotatoes
Seven medium size sweetpotato roots (about 350 -400 g and at least 12 cm length) were taken randomly from each cultivar. The stored roots were thoroughly washed and brushed with tap water, wiped dry with tissue paper, and peeled gently (by removing only the skin colored layer without removing any part of the subsequent layers). Each root was cut into slices with thickness of 2 cm. Each seven slices from different roots were collected together to form 5 section (the weight difference between these sections was <20 g). One section was randomly selected and used as a raw tissue and the remaining were randomly selected and subjected to four heat-processing methods; 1) Boiling: Where the sweetpotato slices were placed into an aluminum cook pot containing boiling water and boiled at (100˚C) for 14 -17 min; 2) Baking: After preheating a gas oven (conventional oven) at 180˚C, the slices were baked for 23 -37 min; 3) Microwaving:
The slices were placed onto microwave plate and then cooked at 700 W for 6 -10 min in a microwave oven (Moulinex, supply rating 230 -50 Hz, input power 1150 W, output power 700 W, frequency 2450 MHz) and 4) Deep fraying: The slices were fried in 100% corn oil at 180˚C for 10 -15 min in a deep fryer (Philips, Model: Philips Deluxe). The processing times varied according to the heat-processing method and cultivar. The determination of adequate cooking time depended on performing preliminary trail for each cultivar to avoid overcooking. All sweetpotato samples from different heat processing methods and raw tissue were homogenized with a food processor and packed in plastic plates with cover wrapped with aluminum foil and were immediately frozen at −45˚C and then freeze-dried at −90˚C for 90 h in a freeze-dryer (Gamma-16 LSC, Christ, Germany). Before further extraction, the lyophilized tissue was powdered with electrical mortar (Osk 13711, Ogawa Seiki, Japan) and packed in polyethylene bags and stored at −20˚C until analysis.
Tissue Extraction
One gram of lyophilized tissue was shaked for 1 h in 25 mL of acidified methanol (7% acetic acid in 80% methanol) and the mixture was filtered using a filter paper No. 4. The final volume was made to 25 mL with acidified methanol. This extract was analyzed for total phenolic content, individual phenolic acids and antioxidant activity.
Total Phenolics
Total phenolic content was determined using the modified Folin-Denis method [27] . The extract solution or chlorogenic acid standard (50 µL) was mixed with distilled water (1.65 mL) and 100 µL Folin-Denis reagent. After 5 min, 200 µL of 1 N Na 2 CO 3 was added and the solution was allowed to stand for 2 h at room temperature. Absorbance of the resulting blue complex was measured at 750 nm using Aquamate Plus UV/Vis Spectrophotometer (Thermo Scientific, England). Total phenolic content was reported as mg of chlorogenic acid equivalents per gram dry weight sample (mg ChAE/g dw).
Individual Phenolic Acids
Isolation and quantification of individual phenolic acids were obtained using a reversed-phase HPLC method described by Padda and Picha [28] . The phenolic extracts were analyzed using an Agilent 1200 Series HPLC System equipped with a UV/Vis Detector at 320 nm. Separation was achieved on an Eclipse XBD-C18, 5 µm, 4.6 × 150 mm column. Phenolic acids were eluted using a mobile phase consisting of 1% (v/v) formic acid in aqueous solution: acetonitrile: 2-propanol (70:22:8), isocratic flow rate 0.75 mL/min, injection volume 20 µL. Phenolic acids were identified and quantified by comparing the retention time and peak area to that of calibration curve that was constructed using the series of concentrations of known standards.
Reducing Power Assay
Reducing power assay was determined according to the method described by Ferreira et al. [29] An aliquot (2.5 mL) of sweetpotato extract was mixed with 2.5 mL Phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of 1% potassium ferricyanide and incubated at 50˚C for 20 min then rapidly cooled, mixed with 2.5 mL of 10% trichloroacetic acid and centrifuged at 6500 rpm for 10 min. The supernatant (2.5 mL) was mixed with distilled water (2.5 mL) and then freshly prepared ferric chloride (0.5 mL, 0.1%) was added and allowed to stand for 10 min. The absorbance was measured at 700 nm using the Aquamate Plus UV/Vis Spectrophotometer (Thermo Scientific, England). A blank was prepared by replacing the extract with 80% methanol. Chlorogenic acid at various concentrations was used as a standard. The reducing power activities were reported as mg of chlorogenic acid equivalent per gram dry sample (mg ChAE/g dw). Analysis was done in triplicate for each sample and each concentration of standard.
DPPH Assay
Antioxidant activity of sweetpotato extract by the DPPH assay was estimated according to the procedure described by Brand-Williams et al. [30] with slight modifications. A sample or a standard (100 μL) was added to 1.9 mL of DPPH solution in methanol (60 μM). After 2 h incubation, the absorbance at 517 nm was measured in a 1 cm cell using Aquamate Plus UV/Vis Spectrophotometer (Thermo Scientific, England). Methanol (80%) was used as a blank, and the sweetpotato extract was replaced with 80% methanol in the control. Trolox (0 -400 µM) was used as a standard. Analysis was done in triplicate for each sample and each concentration of standard. The antioxidant was expressed in terms of µmole Trolox equivalents per gram dry weight (µmol TE/g dw).
ABTS Assay
The ABTS radical scavenging activity was carried out by the method of Miller and Rice-Evans [31] , in which the ABTS solution was prepared by mixing 8 mM of ABTS with 3 mM of potassium persulphate in 25 mL of distilled water. The solution was held at room temperature in the dark for 16 hours before use. The ABTS •+ solution was diluted with 80% methanol in order to obtain an absorbance between 0.8 -0.9 at 734 nm. Antioxidant or standard solutions, 100 µL, were mixed with 1.9 mL of diluted ABTS
•+ solution. The absorbance at 734 nm was read after 7 min using the Aquamate Plus UV/Vis Spectrophotometer (Thermo Scientific, England). Methanol (80%) was used as a blank, and the sweetpotato extract was replaced with 80% methanol in the control. Trolox with concentrations from 0 to 250 μM were used as standards. The free radical scavenging activity was expressed as μmole Trolox equivalents per gram dry weight (μmol TE/g dw). All determinations were performed in triplicate.
Statistical Analysis
The experiment was conducted with 3 replicates in a randomized complete design. Values were expressed as means ± standard error, and the differences between groups were evaluated using one-way analysis of vari-ance (ANOVA) at (P ≤ 0.05). Means were separated using Duncan's multiple range test. Pearson correlation coefficients were calculated between the results of total phenolics and different antioxidant assays, and between different antioxidant assays. These statistical analysis were carried out using Microsoft Excel 2007.
Results and Discussion
Total Phenolics
The total phenolics (by Folin-Denis) of the sweetpotato flesh root tissues with different home-cooking methods are shown in Table 1 . The total phenolic content of the raw sweetpotato flesh tissues ranged from 0.53 mg chlorogenic acid equivalent (ChAE)/g dw for (Monofya 6) to 0.87 mg ChAE/g dw for (Beauregard). For each cultivar of sweetpotato, the phenolic contents of the processed samples were higher than that of raw sample, and the result indicates that all home processing methods resulted in a significant increase (P ≤ 0.05) in phenolic content of the flesh tissues. The increasing rate was in the following order: deep-frying > baking > boiling > microwaving. Obviously, deep-frying showed the highest increase in total phenolics for all cultivars, while microwave cooking exhibited the least in this respect. Boiling and microwaving showed the highest total phenolics with Beauregard cultivar (2.8 and 2.6 times, respectively), while baking and deep-frying had the highest phenolics content with Monofya 6 cultivar (5.3 and 6.5 times, respectively) as compared to the raw samples. However, the increasing rate seems to be cultivar dependent.
Boiling of the plugged roots from the central part with 5 cm long for 10 min, had a lesser effect on total phenolic content measured by Folin-Ciocalteu and on antioxidative activity by DPPH as described by Jung et al. [14] .
Padda and Picha [26] reported that the thermal processing of the sweetpotato skin resulted in a significant loss of total phenolic content by 42% after microwaving, 55% after conventional oven baking, and 37% after boiling. Differences in total phenolic content among the aforementioned three processing methods were not significant, and no significant losses of total phenolic content could be traced due to heat processing of cortex and pith tissue. Rautenbach et al. [23] observed an increase in the total phenolic content in four sweetpotato cultivars after thermal processing (boiling for 20 min), and the increases varied between 21.1% and 79.1%.
Heat processing could cause the damage of cell structures of sweetpotato roots and resulted in more easy extraction of antioxidant components from the root itself or those from the peel diffusing to the root [25] . The present research results indicate that because of peeling sweetpotato samples, cell structures damage took place which resulted in increasing the efficiency of extraction.
Individual Phenolic Acids by HPLC
The effect of different home-cooking methods on the individual phenolic acids content in sweetpotato flesh roots tissues are summarized in Table 2 . Four major peaks were separated and identified as chlorogenic acid (peak 1), 3,4-diCQA (peak 2), 3,5-diCQA (peak 3), and 4,5-diCQA (peak 4). The elution order of these compounds was not in accordance with that of sweetpotato pith root tissues from Beauregard cultivar reported by Padda and Picha [28] . Moreover, none of the flesh root tissues for all cultivars analyzed showed a detectable peak for caffeic acid. The 3,5-diCQA was the most abundant individual phenolic acid present in raw sweetpotato flesh tissues. Whereas, in all processed samples, chlorogenic acid had the highest values followed by 3,5-diCQA, 4,5-diCQA, and 3,4-diCQA had the lowest value. The chlorogenic acid contents were 1.1, 1.7, 2.8, and 3.0 mg/100g dw for Monofya 66, Monofya 6, Beauregard, and Abeeis, respectively. The 3,5-diCQA values were 1.3, 2.7, 3.5, and 4.6 mg ChAE/100g dw for Monofya 66, Monofya 6, Beauregard, and Abeeis, respectively. Monofya 66 had the lowest concentration of A-C Means within a raw with different letter are significantly different (P ≤ 0.05). Means (mg chlorogenic acid equivalent/g dry weight) ± SE of triplicate. a-e Means in a column of the same cultivar with different letter are significantly different (P ≤ 0.05).
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A-C Means in a column of the same treatment with different letter are significantly different (P ≤ 0.05). ChA: chlorogenic acid; diCQA: dicaffeoylquinic acid; BL: boiled; BK: baked; MW: microwaved; DF: deep-fried; nd: not detected. Means ± SE of duplicate. both acids and was significantly different from Abeeis and Beauregard cultivars. Results indicated that the processing methods resulted in significant increase (P ≤ 0.05) in individual phenolic acids of the sweetpotato flesh root tissues. Deep-frying process exhibited the highest increase of individual phenolic acids among all other processing methods followed by baking, boiling or microwaving.
Padda and Picha [15] reported that the chlorogenic acid content of 14 sweetpotato cultivars with different flesh colors ranged between 2.59 and 42.24 mg/100g dw, the caffeic acid was present in the lowest concentration among all the individual phenolic acids identified except in the skin tissue. They didn't observe any significant effect on the chlorogenic acid content in the cortex or pith tissue. The chlorogenic acid content in 4 sweetpotato cultivars determined by Rautenbach et al. [23] ranged between 13.87 to 28.06 mg/100g dw. Our observations are not consistent with Jung et al. [14] who reported reductions in total caffeoylquinic acids (P ≤ 0.005), and observed significant differences (P ≤ 0.001) among the treatments, with losses occurring in the following order:
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boiling > deep frying > sautéing or steaming > microwaving or oven baking. The boiling process exhibited the highest losses in the most abundant phenolic acids (ChA and 3,5-diCQA), followed by samples that were deepfried.
Antioxidant Activity
Reducing Power Assay
The reducing power activities of raw flesh tissues ranged from 0.1 to 0.25 mg ChAE/g dw (Table 3) , and the differences between Abeeis and Beauregard were not significant (P ≤ 0.05). All cooking methods showed significant increase in reducing power values. Similar to the total phenolics; the deep-frying process had the highest effect. The results indicate that all methods had shown the highest effect with (Monofya 6) cultivar. Furthermore, the differences were significant (P ≤ 0.05) between these methods on the same cultivar. Our results are consistent with Huang et al. [25] who indicated an increase in the reducing power of six sweetpotato genotypes as a result of steaming and kneading treatments as compared with their raw counterpart.
DPPH Assay
The DPPH values for raw and processed flesh root tissue samples are shown in Table 4 . For raw samples, Abeeis cultivar exhibited the highest antioxidant activity with 1.83 μmol TE/g dw, while the lowest antioxidant activity was represented by Monofya 6 with 1.10 μmol TE/g dw, meanwhile, the difference between Monofya 6 and Monofya 66 were not significant. All home-cooking processes resulted in a significant increase in DPPH values for all cultivars, where a significant difference (P ≤ 0.05) was observed among all methods. The scavenging activities of sweetpotato flesh root tissues for different processing methods were in the following order: deep-frying > baking > boiling > microwaving > raw. As in total phenolic results, the boiling and microwaving showed the highest effect (3.7 and 3.5 times, respectively) with Beauregard cultivar, while the baking and deep-frying had the highest effect (4.5 and 5.8 times, respectively) with Monofya 6 cultivar. Among 6 genotypes of sweetpotato from Taiwan, the purple-fleshed sweetpotato genotypes showed superior in the scavenging DPPH radical effects as compared to other genotypes, and the DPPH values of sweet potato root tissues with different treatments were in the order of: kneaded > steamed > raw [25] . Steed and Truong [32] could not observe a significant difference in DPPH values among raw (75.5 μmol TE/g fw) and steamed samples for 30 min at 100˚C 
ABTS Assay
The ABTS values of the raw flesh tissues ranged between 0.85 (Monofya 6) and 1.51 μmol TE/g dw (Abeeis) as shown in Table 5 . All raw samples were significantly different (P ≤ 0.05). The effects of processing methods on the antioxidant activity determined by ABTS are different depending on the cultivar. However, the rank order among the cultivar was similar to the DPPH results. The boiling and microwaving showed the highest rate of increase with Beauregard cultivar (4.5 and 4.0 times, respectively), while the baking and deep-frying showed the highest effect on Monofya 6 (6.6 and 8. [33] showed that the purple sweetpotato cultivars had the highest ABTS, while the white and yellow fleshed had the lowest activities, and most of the orange fleshed samples were in a middle range. Our observations are consistent with Rautenbach et al. [23] who reported an increase in the ABTS values (ranged from 6.1% to 42.9%) of four sweetpotato cultivars that were boiled for 12 min. In the present research, the results indicate that there is an agreement between the results of total phenolics with that of antioxidant activity, and that the pattern of change in the total phenolics results due to thermal processing was parallel to that of the antioxidant activity.
Correlations
As shown in Figures 1-4 , total phenolic contents (Folin-Dins) were highly significantly correlated with the reducing power values (r = 0.988, P ≤ 0.0001), DPPH activities (r = 0.926, P ≤ 0.0001), ABTS activities (r = 0.981, P ≤ 0.0001), and total phenolic content determined by HPLC (r = 0.867, P ≤ 0.0001). The correlation between the DPPH and ABTS values were also highly significant (r = 0.924, P ≤ 0.0001) as shown in Figure 5 .
The results suggested that the two methods had similar predictive capacity for antioxidant activities of sweetpotato. Teow et al. [33] reported a high correlation between total phenolics and DPPH (r = 0.932, P ≤ 0.0001) and a moderate correlation with ABTS (r = 0.83, P ≤ 0.0001), and the correlation between the ABTS and DPPH values were also highly significant (r = 0.907, P ≤ 0.0001). It was reported that correlation (r = 0.98) existed between total phenolic content and antioxidant capacity determined by DPPH in sweetpotato root tissue [26] . The total phenolics (sum of HPLC peaks) were highly correlated with Folin-Ciocalteu (r = 0.985) and DPPH (r = 0.959, P ≤ 0.001) [14] . Through the growing number of researches, which frequently refer as to high and strong correlation between total phenolics and antioxidant activity, we can benefit from this correlation to monitor changes in the antioxidant activity as a result of handling, storage and thermal processing by estimating the total phenolic assay, which is simple and cheap technique as compared to the antioxidant activity assays.
Conclusion
The present study showed that home processing methods elevated the phenolic content and antioxidant activity of all sweetpotato cultivars. The deep-frying process exhibited the highest increase in phenolic content and antioxidant capacity. Chlorogenic acid and 3,5-diCQA were the most abundant individual phenolic acids in sweetpotato flesh root tissues under study. A strong correlation was found between phenolic contents and antioxidant activities.
